Background: Stroke is a medical emergency and considered the 2nd leading cause of mortality worldwide. High morbidity and mortality of stroke are due to some complications like cerebral edema, infection, and associated heart disease. Stroke may cause stress hyperglycemia and electrolyte disturbance that may be independent predictors for increased morbidity and mortality. Data on electrolyte disorder in neurological conditions especially acute stroke are somewhat scanty and not frequently interpreted.
Introduction
According to the WHO, cerebrovascular stroke (CVS) is the rapidly developing loss of brain functions due to a disturbance in the blood supply to the brain, lasting more than 24 h or interrupted by death with no apparent cause other than of vascular origin. Moreover, it is a medical emergency that can cause permanent neurological damage, complications, disability, and death [1] . CVS is considered as one of the stressors that may cause stress hyperglycemia and/or electrolyte disturbance [2] . Hyperglycemia is a common problem in stroke patients, and it is estimated that 20-50% of acute stroke patients presented with concurrent diagnosis of hyperglycemia which has been linked to poor prognosis [3] . The development of stress hyperglycemia is caused by a highly complex interplay of counter-regulatory hormones such as catecholamines, growth hormone, cortisol, and cytokines and the mechanism vary with the patients' underlying glucose tolerance, type and severity of disease, and stage of illness [4] . Acute hyperglycemia is associated with increased edema and infarct size and with reduced cerebral blood flow and cerebrovascular reserve, and it can increase the ischemic brain damage around an intracerebral hemorrhage [3] . Disorders of sodium and potassium concentration are the commonest electrolyte abnormalities found in stroke patients, resulted from inappropriate secretion of antidiuretic hormones, increase in the brain and atrial natriuretic peptides, and inappropriate fluid intake and loss; this can lead to complications like seizures and death [5] . Most hemorrhagic stroke cases presented with headache and vomiting, which is an important cause of electrolyte disturbance. Thus, early diagnosis of electrolyte disturbance is essential to prevent morbidity and mortality of CVS patients. However, data on electrolyte disturbances are still scanty [6] . Therefore, the current study aimed to evaluate the effect of stress induced by acute CVS on blood glucose and electrolyte balance and its relationship to the type of stroke, severity, and prognosis ( Fig. 1 ).
Patients and methods
The current work was a case-comparison study. Sixty male and 40 female patients with acute CVS (within 1 week) who were admitted to stroke care monitoring unit and internal medicine department of Aswan University Hospital from July to December 2018 were included in the current study. Patients proved by CT (Siemens Spirit Dual Slice CT Scanner, Rs 54 Lakh, Germany) to have brain pathology other than stroke, refuse to participate, known to be diabetic, renal, hepatic, and those receiving medications that promote electrolyte disturbance "fluids, furosemide, corticosteroids, and thiazides" were excluded.
Patients were classified according to their clinical picture and investigations including CT (Siemens Spirit Dual Slice CT Scanner, Rs 54 Lakh, Germany) and/or MRI brain (Siemens Trio 3 T MRI Scanner, Rs 385 Lakh, Germany) into ischemic and hemorrhagic stroke (cerebral and subarachnoid hemorrhage).
Sample size calculation was carried out using G*Power 3 software [7] . A calculated minimum sample of 98 stroke patients (raised to 100) divided into two groups (50 hemorrhagic and 50 ischemic) were needed to detect an effect size of 0.1 in the mean Glasgow Coma Scale (GCS), with an error probability of 0.05 and 90% power on a two-tailed test.
Data on self or family reported risk factors for stroke, including socio-demographics, hypertension, heart diseases, and smoking, were obtained from the patient's medical records. Fasting blood glucose level was measured glucometer (Accu Check Advantage®, Roche, USA) after hospital admission, and increased glucose level was considered when fasting blood glucose level was > 110 mg/dl. Glycosylated hemoglobin (HbA1c) was measured by test kits (Eurolyser ®, Eurolyser Diagnostica GmbH, Bindergasse 3, Salzburg/Austria) to rule out undetected diabetic patients (normal value 4.5-< 6.5%, while HbA1c ≥ 6.5% means previously uncontrolled hyper glycemia). Stress hyperglycemia was labeled if fasting blood glucose > 110 mg/dl together with HbA1c < 6.5%, and undiagnosed diabetes was diagnosed when HbA1c ≥ 6.5% of blood sugar. Serum sodium (Na) was measured by MODULAR ANALYTICS E170® system (Roche Diagnostics, Indianapolis, IN) for all patients (normal Na = 135-145 mEq/L), where, Na > 145 mEq/L indicates hypernatremia [8] , whereas Na < 135 mEq/L indicates hyponatremia [9] . Also, serum potassium (K) was measured (normal K = 3.5-5 mEq/L), where, K > 5 mEq/L means hyperkalemia and K < 3.5 mEq/L means hypokalemia [10] . A standard 12-leads electrocardiogram (ECG) and/or echocardiography were performed to all stroke patients to determine any arrhythmias and/or any ischemic changes (CON-TEC, model: ECG100G, China).
Initial assessment of CVS severity at time of admission and follow up-assessment after 1 week by GCS and the number of deaths if present were estimated. GCS is of prognestic value in acute CVS patients and is widely used in assessing level of consciousness [11] , which may the mostly affected with stress hyperglycemia and electrolyte disturbance, while other scales such as the National Institutes Of Health Stroke Scale (NIHSS) evaluate the outcome of therapeutic management of CVS patients (not fessible to our patients due to many obstacles as, lack of finance, arrival after time window for stoke). Moreover, we used Barthel Index [12] , but the results were insignificant. Generally, brain injury is classified as severe (GCS ≤ 8), moderate (GCS 9-12), and minor (GCS ≥ 13) [13] .
Statistical analysis
Data were verified, coded by the researcher and analyzed using IBM-SPSS version-21 (@IBM-SPSS Inc., 2012, NY-USA) [14] . Descriptive statistics means, standard deviations, and percentages were calculated. Test of significances chi-square test was used to compare the difference in distribution of frequencies among different groups. The clinical and demographic factors with proven statistical significance from the univariate analyses were further included in the multivariate logistic regression model. A p value equals or less than 0.05 was considered significant.
Ethical consideration
Approval for this study was obtained from the institutional review board (IRB) of Faculty of Medicine Aswan University prior to study execution. In addition, all participants' caregivers received a written consent form. The informed consent was clear and indicated the purpose of the study, and their freedom to participate or withdraw at any time without any obligation. Furthermore, participants' confidentiality and anonymity were assured by assigning each participant with a code number for the purpose of analysis only. The study was not based on any incentives or rewards for the participants.
Results
A total of 100 patients admitted with CVS to stroke care monitoring unit and internal medicine department of Aswan University Hospital from July to December 2018 (50 patients for each type of stroke) were evaluated. The mean age of them was 64 ± 12 years, and we found 52% smokers, 53%, and 75% of ischemic heart diseases and hypertensive respectively (Table 1) . About two thirds of the studied patients had hyperglycemia (70% of hemorrhagic patients), out of them, 47 patients had underlying undiagnosed diabetes and the remaining 21% had stress hyperglycemia (13 hemorrhagic versus 8 ischemic patients). Moreover, 47% of all stroke patients had dyselectrolytemia without any significant difference between the two stroke types (p = 0.163). Hyponatremia was the most frequently encountered dyselectrolytemia (in 36 patients, out of them 21 hemorrhagic and 15 ischemic patients), followed by hyperkalemia (in 27 patients, 17 of which had cerebral hemorrhage) and lastly hypokalemia which was found in 8 of all patients that distributed equally among the two groups of patients ( Table 2) .
According to GCS which is used to evaluate the stroke severity, about one third of the studied cohort had severe disability. While moderate disability was detected in 8% of our patients and 58 patients had good recovery, out of which, only 4 patients had stress hyperglycemia (7%) that was detected in 44% of those with poor prognosis (15 patients). Among dyselectrolytemic, patients with good outcome were found in 30% of cases and about two thirds of cases were with poor prognosis. According to the type of dyselectrolytemia, poor outcome was detected in 67%, 75%, and 78% of hyponatremic, hypokalemic, and hyperkalemic patients respectively (Table 3 ).
In this present study, 34% of all patients died, and nearly two thirds of them were hemorrhagic. Death was recorded in 71% (n = 15/21) and 66% (n = 31/47) of patients who had stress hyperglycemia and dyselectrolytemia, respectively. Furthermore, death rate reached 100% in patients who had both stress hyperglycemia and dyselectrolytemia simultaneously (13 patients). Death rate was 67% (n = 24/36), 75% (n = 6/8), and 78% (n = 21/ 27) in hyponatremic, hypokalemic, and hyperkalemic patients, respectively (Table 4) . Table 5 showed the multivariate logistic regression analysis of the significant factors affecting mortality of stroke patients. After adjusting for age and sex, the final model contained five predictors. Patients with hemorrhagic stroke were three times more at risk compared with ischemic cases [AOR = 3.02 (1.27-7.21), p = 0.013]. Likewise, patients with stress hyperglycemia had eight times more probability of death compared with cases with normal blood glucose level [AOR = 7.9 (2.7-23.2), p < 0.001].
Moreover, patients with electrolyte disturbance were 10.8 times more liable for mortality compared with cases with normal electrolyte level [AOR = 10.8 (4.11-28.41), 
Discussion
High blood pressure, old age, smoking, and cardiac diseases were established as independent correlates for CVS and results of the current study supported this fact. Hyperglycemia is common among acute CVS patients and may reflect a physiological stress or an underlying unrecognized diabetes mellitus (DM, [15] ). It was associated with in-hospital and long-term mortality, intensive care unit admission, prolonged length of stay, and discharge to long-term nursing [16, 17] . Our study evaluated stress induced hyperglycemia in patients with acute CVS and found that about one-fifth of patients had hyperglycemia in the absence of DM. This result was comparable to other studies [18, 19] . Likewise, Capes et al., 2001, we observed that stress hyperglycemia was more common among patients with hemorrhagic than ischemic stroke (p value = 0.163). Overall, about half of our stroke patients (47%) had undiagnosed diabetes at the time of admission, which was higher than the range that stated by Capes et al., 2001 , from 6 to 42% of patients [20] . This may be explained by reluctance of people in our community to check their medical condition regularly. The current study findings confirmed the conclusions of previous studies [21, 22] that acute CVS is not uncommonly associated with electrolyte imbalance and hyponatremia was the commonest but the association between type of stroke and dyselectrolytemia was statistically insignificant (p = 0.163). Furthermore, the percentage of potassium imbalance (35%) was higher than other studies [21, 23] , and this may be explained by associated hyperglycemia (in 68% of cases) that increases release of potassium from cells. Thirty-four percent of our CVS patients had poor outcome, which was comparable to that of Maitreyee et al., 2017 (37%), this poor outcome was detected more among hemorrhagic patients and those with severe initial stroke, IHD, stress hyperglycemia (70%), and electrolyte disturbance (66%). The percentage of our poor outcome was higher than other studies [21, 24] may as a result of non-specific treatment used with stroke patients. Percentages of poor outcome and death (34% for each) were consistent with those of World Health Organization (WHO), where about 15 million people suffer stroke worldwide every year, out of which 5 million die and 5 million are permanently disabled [25] . Likewise, other studies [26] , the rate of mortality among our hemorrhagic stroke patients was more than double that of ischemic patients (46% vs. 22%, respectively). Finding of death among 71% of stress induced hyperglycemic patients was supported by many studies [27] [28] [29] , which reported that hyperglycemia had a deleterious effect, exacerbating brain injury, increasing the relative risk of death by three times and is considered a significant predictor of mortality and morbidity. About two thirds of patients with dyselectrolytemia died, this was higher than those detected by other studies [21, 24, 30] , and this could be explained by the underdevelopment of the acute management in our [31] found that hyponatremia in acute stroke stage is a predictor for 3-year mortality, and we detected death in about two thirds of hyponatremic stroke patients which was higher than Maitreyee et al. (45%). In the CASTEL study, hyponatremia has been found to be a predictor of CVS mortality with relative risk of 1.34 and hyperkalemia was also identified as a risk factor [32] . Also, Gariballa et al. found that a lower plasma potassium level on admission was associated with an increased incidence of death. More than three quarters of our patients with potassium imbalance died; this was higher than other studies [21, 33] . Augmentation of the deleterious effects of stress-induced hyperglycemia and electrolyte disturbance led to death of all stoke patients who had both problems at the same time.
In conclusion, stress-related hyperglycemia and electrolyte disturbance are quite common problems after acute stroke and may adversely affect outcome of stroke. So, blood sugar and serum electrolytes should be determined in every patient with stroke, as early detection and management can decrease complications and improve the overall outcome. Further larger studies are recommended with determination of causes of electrolyte disturbance to evaluate and compare the effect of different degrees of stress hyperglycemia and electrolyte disturbance on outcome of CVS.
Limitation of the study
The results of the present study should be interpreted in the light of the following limitations. First, the sample size was relatively small. Second, our CVS patients received non-specific treatment with short-term follow-up (1 week) that caused more valuable prognostic scales (NIHSS and Barthel Index) yielded insignificant results. Third, the definite causes of electrolyte disturbance during acute CVS could not be carried out. 
